43,780 college students from 41 Canadian post-secondary institutions. The exposure variables of interest were alcohol, cannabis and tobacco use, and the outcome variables of interest were diagnosis or treatment for depression and/or anxiety. Descriptive statistics, univariate and multivariate logistic regression models were used to analyze our data. Results: Our study found that 14.7% of post-secondary students were diagnosed or treated for depression and 18.4% for anxiety within the past 12 months. Among current (past 30 days) substance use, it was reported that alcohol (69.3%), cannabis (17.9%) and tobacco (11%) were the most common. There was a significant association between depression and current tobacco use (OR =1.36, 95% CI: 1.22-1.52, P,0.001) and current cannabis use (OR =1.17, 95% CI: 1.05-1.31, P,0.001). There was also a gender-specific association between anxiety and female alcohol users (OR =1.41, 95% CI: 1.24-1.62, P,0.001).
Introduction
Depression, anxiety and substance use pose a major public health concern. These conditions contribute a significant portion of the world's disease burden measured by disability-adjusted life years. 1 The majority of depression, anxiety and substance use cases, often times, emerge during young adulthood, making post-secondary students a particularly vulnerable group. 2 Early onset of co-occurrence may disrupt the course of cognitive and emotional development and may negatively impact a student's life and well-being (ie, education, relationships, health and safety). Due to the lack of integrated health care services for co-occurring disorders, affected students are more likely to experience negative outcomes and become high-end users of health care resources. 3 Young adulthood represents a critically important time as students transition from high school to post-secondary studies to pursue greater educational opportunities, develop personal relationships and achieve their career goals. Post-secondary education provides students with many opportunities and challenges for their personal 
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esmaeelzadeh et al development and growth. Among the challenges faced are increased independence and responsibility that may at times, lead to highly stressful situations. 4 The competitive nature and pressurized academic environment of post-secondary education makes some students vulnerable to develop depression, anxiety and substance use problems either independently or concurrently. 1 These conditions may affect their academic progress, personal development and professional life. 5, 6 Depression, anxiety and substance use are closely linked and represent a growing concern for many university campuses across Canada. A recent national survey of colleges and universities found that one in five Canadian post-secondary students are depressed and anxious (20%) and more students are reporting being in distress than 3 years ago. 7, 8 Similarly, the prevalence of current alcohol (83%), cannabis (30%) and tobacco (18%) use is highest among individuals aged 20-24 years, a large proportion of whom are postsecondary students. 9 In addition, substance use is reported to lead to several adverse outcomes for students including poor academic performance, 10 unintentional injuries 11 and increased engagement in other risky behaviors. 12, 13 Post-secondary students suffering from concurrent disorders experience more serious medical, social and emotional problems.
14 Affected individuals are often undiagnosed, 2 refractory to treatments 15 and require more extensive health care support. 15, 16 Depression, anxiety and substance use can co-occur due to a variety of reasons including: 1) common risk factors (such as biological factors or traumatic events); 17, 18 2) self-medication hypothesis (individuals already suffering from depression and anxiety may exhibit a maladaptive response and self-medicate by using substances to forget bad feelings, cope with problems and relieve the symptoms of their mental health disorder); 19 3) substance use-induced mental health problems (individuals may develop depression and/or anxiety as a direct [ie, pharmacogenic] consequence of their substance use) 17 and 4) substance use-related mental health problems (individuals may develop depression and/ or anxiety as an indirect [ie, socioeconomic stressors, unemployment, dysfunctional relationships] consequences of their substance use). 14, 20 However, due to the multifactorial nature of this problem, it is not yet clear whether an independent association exists between depression, anxiety and substance use as the literature reports inconsistent findings. [21] [22] [23] [24] There has been considerable attention given to depression, anxiety and substance use among high school students; [25] [26] [27] however, less is known about post-secondary students. Moreover, much of the published research examining the association between depression, anxiety and substance use has been conducted in countries other than Canada. [28] [29] [30] [31] Therefore, this study aims to examine the association between depression, anxiety and substance use among Canadian post-secondary students.
Materials and methods

Data and sample
This study used data from the American College Health Association -National College Health Assessment II (ACHA-NCHA II) -Canadian Reference Group survey, spring 2016. The population of interest in this national survey was post-secondary students. The 2016, ACHA-NCHA II survey consists of data from 43,780 students representing 41 Canadian post-secondary institutions. These institutions either surveyed all their students or used a representative random sampling method. The overall participation rate was 19.2%. 7 
Outcome variables
The outcome variables of interest in this study were history of depression and/or anxiety (yes/no). Respondents were specifically asked to indicate whether they had been diagnosed or treated by a medical professional for depression and/or anxiety within the past 12 months.
exposure variables
Substance use was the primary exposure of interest and specifically, alcohol, cannabis and tobacco use. Responses were re-categorized as: never (never used the substance), former (used the substance but not within the past 30 days) and current users (used the substance within the past 30 days).
sociodemographic and other variables
Sociodemographic and other variables were selected for inclusion in our study after review of the existing scientific literature. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] It is well-documented that mental health disorders are associated with the sociodemographic characteristics of an individual. Young adults between the ages of 18 and 24 years are reported to have the highest occurrence of mental health disorders than any other age group. 32 Depression is more common among females, single or divorced individuals, ethnic minorities and those with alcohol or drug use disorders. 33 Anxiety is more common among females, separated or divorced individuals, ethnic minorities and those with other mental health and substance use disorders. 34 In addition, there are other factors that have been shown to be associated with the mental health status of post-secondary students. These factors include their study 
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The association between depression, anxiety and substance status (undergraduate or graduate), international student status (yes, no), enrollment status (part time or full-time), housing (living on or off-campus) and academic performance (grade point average [GPA]). [35] [36] [37] [38] [39] [40] [41] [42] In our study, the gender variable had three levels: male, female and non-binary (those who cannot describe themselves as solely male or female). Age groups were re-categorized as follows: 18-20, 21-23 and 24 years or older. Ethnicity was self-reported from the following question: Do you usually describe yourself as White, Black, Hispanic/Latino, Asian/Pacific Islander, American Indian/Alaskan Native/ Native Hawaiian, Biracial/Multiracial or Other? Participants were also asked about their marital status: single, married, separated/divorced or other. In addition, there were questions that described the following: international student (yes/no), housing (live with their parents/on-campus/off-campus), enrollment status (full-time/part-time/other), study status (undergraduate/graduate/other) and GPA (A/B/C/D or F/not applicable).
Questions pertaining to other substance use included: cocaine, methamphetamine, sedatives, hallucinogens, opiates, inhalants, 3, 4-methylenedioxymethamphetamine (MDMA), and other club and illegal drugs. Participants were then re-categorized into three groups: never (never used any of the other substances), former (used but not within the past 30 days) and current users (used within the past 30 days). Questions pertaining to other mental health disorders (yes/no) were re-categorized based on participant's response to the following questions: Have you been diagnosed or treated by a medical professional for any of the following mental health disorders: anorexia, attentiondeficit hyperactivity disorder, bipolar disorder, bulimia, insomnia and schizophrenia within the past 12 months. If yes, the participant was coded as yes for the other mental health disorders variable.
Data analysis
Descriptive statistics for the exposure and outcome variables of interest and other co-variates were examined. Univariate analysis was conducted to assess the crude association of one explanatory variable at a time with the outcome variable of interest (depression or anxiety). During univariate analysis, variables with a significance level of ,0.15 were screened and were included in the multivariate analysis. According to the literature, a significance level of ,0.25 may be used as the cutoff point, when selecting variables for inclusion in multivariate analysis. 43, 44 In our study, the sample size was large and the probability of having statistically significant P-values high. Therefore, a more conservative significance level of ,0.15 was used as our cutoff point to screen for variables.
Two separate multivariable logistic regression models were built using depression and anxiety as the outcomes of interest. Both models used substance use behavior (alcohol, cannabis and tobacco use) as the main exposures while controlling for demographic characteristics and other factors. Multicollinearity among independent variables was assessed using the variance inflation factor (,2.5 indicated no multicollinearity). Backward selection strategy was used to build the final models. The confounding effect of statistically insignificant variables was assessed before they were removed from the models. A change of 10% or more in the regression coefficient of the primary predictor suggested that the variable is a confounder. A cutoff point of 15%-20% is most commonly used in the literature. 44 However, given our large sample size we used a more conservative cutoff point of 10% so that more potential confounders could be included. All potential two-way interactions were assessed using a level of significance of 0.05 (α=0.05). Akaike information criterion was used to estimate and compare the relative quality of our models. Model fitness was assessed using the Hosmer-Lemeshow goodness-of-fit test. 43 Receiver operating characteristic (ROC) 43 curve was used to check the ability of the two logistic regression models to predict the probability of depression and anxiety. All statistical analyses were computed using Statistical Analysis System (SAS) version 9.4.
Results
Descriptive statistics
Of the 43,780 post-secondary students, 14.7% were diagnosed or treated by a medical professional for depression and 18.4% for anxiety within the past 12 months. Among substance use, alcohol (69.3%), cannabis (17.9%) and tobacco use (11%) were most common in the past 30 days. The majority of participants were female (67.9%), White (70.7%), ages 18-20 years (40.3%), single (83%), undergraduate students (83.2%), domestic (90.6%), living off-campus (53.3%), studying full-time (93.3%) and with a GPA of B (45.1%). Among all participants, depression, anxiety and predictor variables had ,2% missing data. 
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The association between depression, anxiety and substance current cannabis use were 2.23 (95% CI: 2.08-2.38) times more likely than those who never used cannabis to report depression. Individuals reporting current tobacco use were 2.49 (95% CI: 2.31-2.68) times more likely than those who never used tobacco to report depression. When examining the unconditional association between substance use and anxiety, participants who were current alcohol users were 1.92 (95% CI: 1.77-2.08) times more likely to report anxiety compared with those who never used alcohol. Participants who were current cannabis users were 2.00 (95% CI: 1.88-2.13) times more likely to report anxiety compared with those who never used cannabis. Finally, participants who were current tobacco users were 2.04 (95% CI: 1.90-2.19) times more likely than those who never used tobacco to report anxiety. 
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The association between depression, anxiety and substance to never users of other substances; students ages 21-23 years compared to those ages 18-20 years old (OR =1.18, 95% CI: 1.08-1.28); part time (OR =1.23, 95% CI: 1.07-1.42) compared to full-time students; students with GPA of A (OR =0.91, 95% CI: 0.84-0.99) compared to students with GPA of B and for those students with other mental health disorders (OR =50.77, 95% CI: 47.10-54.72) compared to those without other mental health disorders (P-value,0.001). In addition, the odds of having been diagnosed with anxiety were decreased among Black (OR =0.59, 95% CI: 0.46-0.75) and Asian or Pacific Islander (OR =0.59, 95% CI: 0.52-0.67) students compared to White students (P-value,0.001); married students (OR =0.86, 95% CI: 0.77-0.96) compared to single students; and domestic students (OR =1.32, 95% CI: 1.15-1.53) compared to international students (Table 4) .
Model fit and predicted probability
The final models for depression and anxiety with the interaction terms showed a good fit to the data, when examined by using the Hosmer-Lemeshow goodness-of-fit test (P-value=0.86 and P-value=0.72, respectively). The predicted probability of the final models by the area under the e Other mental health disorders: anorexia, attention-deficit hyperactivity disorder, bipolar disorder, bulimia, insomnia and schizophrenia.
submit your manuscript | www.dovepress.com
Dovepress
3248
esmaeelzadeh et al receiver operating characteristic curve was 0.89 (depression) and 0.91 (anxiety) and thus, the prediction ability of the models is said to be satisfactory.
Discussion
Our study is among the first to examine the association between depression, anxiety and substance use among postsecondary students in Canada. Specifically, we found a higher rate of depression and anxiety (14.7% and 18.4%) among post-secondary students in 2016 compared to 2013 (10.0% and 12.3%). 8 In addition, we observed a small increase in alcohol (83.6% in 2013 to 84.4% in 2016) and cannabis use (39.9% in 2013 to 41.6% in 2016). 8 Encouragingly, there was a decrease in tobacco use (29.2% in 2013 to 26.9% in 2016). 8 Overall, substance use remains a serious public health concern and is highly prevalent among Canadian post-secondary students.
Depression and alcohol use were significantly associated in our univariate analysis. However, in our final logistic regression model, depression was not significantly associated with alcohol use. This provides evidence in support of previous studies, which did not find an association between depression and alcohol use among post-secondary students. 24, 45 However, other studies contradict our finding but were mainly focused in scope to the adolescent student population. 46, 47 Age may play a critical role in this association as the harmful effects of alcohol use and/or depression may differentially impact adolescents (high school students) compared to young adults (post-secondary students). 48, 49 Evidence suggests that underage alcohol use is associated with neurodegeneration, 50 changes in functional brain activity 51 and neurocognitive impairments, 49 leading to the development of mental health disorders such as depression. 48 Depression was significantly associated with an interaction between cannabis use and other mental health disorders. Our findings are, in part, supported by those reported in previous studies, which found a significant correlation between cannabis use and depression. 45, 52 However, these studies did not test for the same joint effect of cannabis and other mental health disorders on depression. Therefore, other mental health disorders could be important a priori predictors that need to be taken into consideration in our efforts to identify vulnerable and previously understudied subgroups, who may be more (or less) likely to develop depression.
In general, studies have shown that the association between depression and cannabis use could be attributed to direct and/or indirect factors. Direct factors linking depression and cannabis use include having a genetic predisposition to both conditions 53 and biological mechanisms 54 altering neurochemical activities in the brain. 55 Indirect factors such as a student's maladaptive cognitive skills and coping mechanisms (such as their own perceptions, social relationships and coping with undesirable life events) may also lead them to suffer from the co-occurrence of depression and cannabis use. 56 Our results revealed a significant association between depression and tobacco use. This finding is consistent with previous studies that suggest an association exists between depression and current smoking among post-secondary students. 45, 52 In our study, both current and former smokers were more likely to be diagnosed with depression compared to never smokers. However, there was no statistically significant difference between current and former smokers. This is an important finding as it suggests that former smokers are also at risk to suffer from depression. There may be a biological explanation for this finding. Smoking initially increases the release of dopamine neurotransmitters, which eventually may cause the receptors to become insensitive and therefore, over time may require an increased stimulation to have the same affect. 57 Upon smoking cessation, due to the deprivation of dopamine and the occurrence of withdrawal symptoms, the depressive symptoms may develop. 57 Thus, health care providers at post-secondary institutions should be made aware of the risk of depression not only among current but also former smokers.
Anxiety was associated with a significant interaction between alcohol use and gender. Females who used alcohol (current and former users) were at an increased risk of selfreported anxiety compared to males. This is in accordance with a previous study that found a stronger association between anxiety and alcohol use among females compared to males. 58 Anxiety among male and non-binary participants was not significantly associated with alcohol use. These findings help highlight that in order to improve mental health disorders and substance use outcomes among post-secondary students, interventions need to be population specific, sensitive, relatable and account for the different risk profiles among the genders.
strengths and limitations
This study has several strengths. It used a recent dataset with a large, nationally representative sample size. The survey instrument is robust, reliable and valid. It investigated the characteristics and risk factors of two of the most common mental health disorders (depression and anxiety) and three most common substance use (alcohol, cannabis and 
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The association between depression, anxiety and substance tobacco). Finally, it is one of a few studies to examine these associations among post-secondary students in Canada. Our study also has a few limitations. The ACHA-NCHA II, spring 2016, survey is drawn from a convenience sample and its results may not be entirely generalizable. The survey questions regarding substance use focused on frequency but no information on initiation or duration were provided. The survey questions regarding depression, anxiety and substance use were self-reported and due to their private and sensitive nature and possible association with social stigma and discrimination, there may be some degree of underreporting by the participants. However, previous studies have shown that the use of self-reports for risky health behaviors are accurate and valid. 59 Finally, our study is cross-sectional in design and therefore, it permits us to report on possible associations but it is unable to determine directionality or causal relationships between depression, anxiety and substance use. Further research with longitudinal studies is warranted.
Conclusion
This study examined the association between depression, anxiety and substance use among post-secondary students in Canada. A significant association was found between depression, tobacco use and cannabis use and a gender-specific association between anxiety and female alcohol users. These conditions should be screened concurrently for improved outcomes among this vulnerable population. Interventions that increase awareness and help fight the growing perception of substance use as a normalized and accepted behavior among post-secondary students may help address issues related to their depression and anxiety. The results of this study can be used to help inform university student health services, administrators and health care professionals in their efforts to design and implement comprehensive interventions, appropriate policies and effective health promotion strategies.
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